ABSTRACT -This paper presents new methodology that is based on a single given adsorbentrefrigerant pair characteristic (such as activated carbon 208C) leading to the characterization of the same adsorbent (activated carbon 208C) with various refrigerants such as Water, Methanol, Ethanol, R723 (azeotropic mixture of 60% Ammonia and 40% Dimethyl Ether), Dimethyl Ether (DME) and Carbon Dioxide (R744). Overall, the results obtained with both Methanol and Carbon Dioxide (R744) show that the new method predicts the refrigerant uptake with a marginal difference (less than 5%) compared to standard method that heavily depends on experimental data. For example with methanol, the standard method produces a maximum uptake (x o ) of 0.3676 kg methanol/kg carbon while the new method predicts 0.3740 kg methanol/kg carbon; with CO 2 both standard and new methods predict 0.3242 kg CO 2 /kg carbon and 0.3190 kg CO 2 /kg carbon respectively. The results exploitation of this method led to rapid prediction of key performance indicators of adsorption system utilizing compacted activated carbon 208C-R723 refrigerant pair for ice making, air conditioning and heat pump applications.
INTRODUCTION
The design of adsorption reactors for refrigeration and heat pumps applications generally requires the mapping of refrigerant specific uptake against operating conditions mainly temperatures and pressures. A large number of experimental data for the pair studied (adsorbent- Since then, and on the light of conference presentation feedback, further work was done in providing more clarity and the validity of the method across a large spectrum of pressures (from under atmospheric pressure up to 74 bar absolute). The novel methodology proposed in this paper is based on a single given adsorbent-refrigerant pair map (activated carbon 208C -Ammonia pair) leading to the map of the same adsorbent (Activated Carbon 208C) with various refrigerants such as Water (R718), Methanol, Ethanol, R723 (azeotropic mixture of 60%
Ammonia and 40% Dimethyl Ether), Dimethyl Ether (DME) and Carbon Dioxide (R744). The method will be validated by comparing predicted simulation results with standard modified Dubinin-Astakhov equation established with experimental data. Furthermore, results exploitation of this method will lead to a rapid prediction of key indicators performance of adsorption system utilizing compacted activated carbon 208C-R723 refrigerant pair for ice making, air conditioning and heat pump applications.
METHODOLOGY DESCRIPTION
The method proposed is articulated around a reference adsorbent-refrigerant pair as activated carbon 208C-Ammonia that was initially fully tested in order to provide the adsorption characteristics. For this specific reference pair, experimental porosity tests were carried out under 
where: x is the ammonia concentration (kg ammonia/kg carbon); T is the carbon temperature (K);
x o is the ammonia concentration under saturation conditions (kg ammonia/kg carbon); T sat is the saturation temperature corresponding to the gas pressure (K); k is defined as the energetic affinity characteristic of adsorbent-refrigerant pair and n is the characteristic of adsorbent micropores size distributions [3]. In fact the original Dubinin-Astakhov (D-A) equation is
where: x is the ammonia concentration (kg ammonia/kg carbon); x o is the ammonia concentration under saturation conditions (kg ammonia/kg carbon); P sat is the saturation pressure corresponding to adsorbed phase within the micro-pores (bar); P is the system pressure (bar); A is the slope of saturated adsorbate line on Clapeyron diagram; R u is the universal gas constant (R u = 8.3144 J/mol K); E o is the reference adsorption potential energy of adsorbent (J/mol); β gas affinity coefficient and n is the characteristic of adsorbent micro-pores size distributions.
The relation between saturation pressures (P sat ) and temperatures (T sat ) as commonly used on Clapeyron diagram is: 
From both equations (1) and (6), the energetic affinity characteristic of adsorbent-refrigerant pair (k) is identified as:
where: A is the slope of saturated adsorbate line on Clapeyron diagram; R u is the universal gas constant (R u = 8.3144 J/mol K); E o is the adsorption potential energy of adsorbent (J/mol); β gas affinity coefficient and n is the characteristic of adsorbent micro-pores size distributions.
The adsorption potential energy of adsorbent (E o ) is often experimentally estimated with
Benzene as the reference refrigerant. However with the current method and by neglecting any effect of thermal expansion of absorbate phase, E o is evaluated from test of activated carbon with
Ammonia by using the following equation:
The gas affinity coefficients are widely available in the literature and could also be calculated from the ratio of Parachors [8]:
where the Parachor (Ω) is defined as:
Where V is the gas molar volume (m 3 /mol) and  is gas surface tension (N/m). Ω o is defined as the Parachor of the reference gas (Benzene).
By combining both equations (9) and (10), the gas affinity coefficient could also be written as:
Where V o and  o are defined as molar volume (m 3 /mol) and surface tension (N/m) of the reference gas (Benzene) respectively.
Since the gas molar volume is defined as,
where: M is the gas molar mass (kg/kmol) and ρ is the gas density at boiling temperature (kg/m 3 ),
where: M o and ρ o are the molar mass (kg/kmol) of and the gas density (kg/m 3 ) of reference gas (Benzene) respectively.
RESULTS AND ANALYSIS
The key characteristics of all refrigerants under investigation, namely Ammonia (R717), Ammonia Blend (R723 -Azeotropic mixture of 60% Ammonia and 40% Dimethyl Ether), Benzene, Carbon Dioxide or CO 2 (R744), Dimethyl Ether (DME), Methanol, Ethanol and Water (R718), used to test the proposed method are presented in Table 1 . All refrigerants thermophysical properties required for calculations are extracted for literature [9, 10]. All gas affinity coefficients were calculated using Equation (13) -R718 (water) has high uptake ability with weak bond with carbon and will require driving temperature below 100 o C.
RESULTS EXPLOITATION
As example of exploitation of method described, the reactor performance are predicted using a thermodynamic model already developed and as described in refrigerant with activated carbon 208C is higher compared to the bond with R717 refrigerant therefore requires more heat input for the desorption process (about 12% more).
1. Ice making application (T C = 35°C, T E = -5°C and T 1 = 35°C)

2. Air conditioning application (T C = 35°C, T E = 10°C and T 1 = 35°C)
Figure 5 shows that the system performance for air conditioning application is similar to ice making application in respect of performance trend with almost the same proportion of low COP and cooling density compared to R717 refrigerant: COP of 0.49 against 0.73 and cooling density is 132.6 MJ/m 3 against 172.9 MJ/m 3 for 2-beds configuration at 200 o C driving temperature.
3. Heat pump application (T C = 40°C, T E = 5°C and T 1 = 40°C)
If both lower latent heat of R723 and higher bond of R723 with activated carbon 208C compared to R717 are highly detrimental for cooling applications (ice making and air conditioning), it is less so with heat pump application. In fact, the requirement of high heat input for desorption process will also imply high heat of adsorption which is useful in heat pump application ( Figure   6 ). It means for a regenerative cycle both heat recovered (Q rec ) and latent heat from the condensation. As consequence, regardless the bed configurations and driving temperatures, the COP is about 7% to 20% less than the COP with compacted activated carbon 208C-R717 
CONCLUSIONS
A novel methodology that is based on a single given adsorbent-refrigerant pair characteristic 
HIGHLIGTHS
-A method of characterizing adsorbent-refrigerant pair is described.
-The methodology is based on Dubinin-Astakhov theory.
-Activated Carbon-Ammonia pair leads to same adsorbent with other refrigerants.
-The method proposed predicts pair characteristics within ±5% estimated error.
-The method is cost effective in predicting key performance indicators.
